The microwave spectra of the complex between ethylene and sulfur dioxide and nine of its isotopic species have been observed in a Fourier transform microwave spectrometer. The spectra exhibit a and c dipole selection rules; transitions of the normal species and several of the isotopically substituted species occur as tunneling doublets. The complex has a stacked structure with C s symmetry; the C 2 H 4 and S02 moieties both straddle the mirror plane with the C 2 axis ofS0 2 crossed at 90· to the carbon-carbon bond axis (i.e., only the S atom lies in the symmetry plane). The distance between the centers of mass (Rem) ofC 2 H 4 and S02 is 3.504(1) A and the deviation of their planes from perpendicular to Rem is 21 (2) • and 12(2) ., respectively. The tunneling splittings arise from a rotation of the ethylene subunit in its molecular plane. The barrier to internal rotation is 30(2) cm -1. The dipole moment of the complex is 1.650(3 )D. The deuterium nuclear quadrupole coupling constants for C 2 H 3 D'S0 2 areXaa = -0.119(1) MHz,Xbb =0.010(1) MHz,andxcc =0.109(1) MHz. The binding energy is estimated to be 490 cm -1 from the pseudo-diatomic approximation. A distributed multi pole electrostatic model is explored to rationalize the structure and binding energies.
I. INTRODUCTION
The tendency of sulfur dioxide to form weak complexes with alkene l and aromatic 2 compounds has been known for some time. It was inferred from such studies that the 11" system of the hydrocarbon interacts with the S02' although detailed structural data was usually lacking. The only previous spectroscopic studies of the complex between ethylene and sulfur dioxide (C 2 H 4 'S0 2 ) are matrix IR investigations 3 which indicate that small changes ( 1-5 cm -I) occur in the S02 vibrations upon complexation. Evidence for the gas phase complex was obtained by Muenter and co-workers in a molecular beam mass spectrometry experiment. 4 From studies ofthe competitive formation of C 2 H 4 • S02' (S02) 2' and (C 2 H 4 )2' they reported a favorable interaction between C 2 H 4 and S02' Recently, we reported the observation of the microwave spectrum of the complex in a Fourier transform microwave (FTMW) spectrometer. s From the spectrum, which exhibited tunneling doublets of undetermined origin, we deduced the gross geometry of the complex as having the two molecular planes stacked one above the other. A recent study of a similar complex between ethylene and ozone also identified a stacked, near parallel planes structure. 6 Here we present a much more detailed study of the C 2 H 4 • S02 system. In addition to further analyzing the spectrum of the normal species, we have assigned the spectra of several isotopically substituted species, determined the dipole moment, and assigned the deuterium nuclear quadrupole coupling hyperfine structure in the singly deuterated isotope. From these measurements, we have been able to determine more accurately the structure of the complex and the nature of the internal motion.
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There has been considerable discussion in the literature on the interpretation of the structures of weakly bound complexes. It has been observed in many weak complexes,7,8 and particularly in hydrogen bonded complexes,9 that the orientational preference of the subunits is determined largely by electrostatic interactions. We have used the distributed multipole model as proposed by Buckingham and Fowler 7 to model these interactions in C 2 H 4 • S02' This simple approach appears to be useful for interpreting the structure of the C 2 H 4 • S02 complex.
II. EXPERIMENTAL

A. Instrumental
The rotational spectrum of the complex was measured in the region between 6.6 and 18 GHz with a Fourier transform microwave spectrometer of the Balle-Flygare type lO using a modified Bosch fuel injector as a pulsed nozzle source. II Experimental line widths were 20 to 30 kHz and center frequencies were estimated to be accurate to ± 2-3 kHz for transitions unsplit by deuterium nuclear quadrupole coupling. For many ofthe deuterated species, the lines were broadened up to 100 kHz by unresolved quadrupole splittings; center frequencies were taken as the position of maximum intensity of the broadened lines and are estimated to be accurate to ± 20-30 kHz.
The spectrometer is equipped with steel mesh plates to allow for the measurement of Stark effects; the details are described elsewhere. 12 The electric field was calibrated with the J = 1-0, M J = 0 transition of OCS
B.Samples
The spectra were observed with a gas mixture of approximately 1 % ethylene, 1 % S02' and 98% rare gas at a total backing pressure of 1 to 2 atm. In most cases the carrier gas was neon, as this gave the strongest signals. Much of the early searching was done using argon as the carrier gas and one of the isotopically substituted species was observed in helium.
With the exception of C 2 H 4 . 34S02, which was observed in natural abundance (4%), the spectra of the isotopically substituted species were observed in enriched samples. The deuterated ethylene samples were purchased from MSD Isotopes with >98% enrichment and were used without dilution. S 1S 0 2 (99% enrichment) was purchased from Alfa Products and was used without dilution to assign the double-ISO species. The single-ISO species was observed by starting with a mixture of 50% S 1S 0 2 and 50% S 16 0 2 ; theS0 2 underwent rapid exchange to form approximately a 2: 1: 1 mixture of SI601S0:S1S02:S1602'
c. Relative intenSity tests
In order to estimate nuclear spin statistical weights for the tunneling doublets, the relative intensities of pairs of transitions were determined by comparison of the signal-tonoise ratios (SIN) of the two components in the time domain. The SIN was estimated as the ratio of the largest peak to peak span in the early portion of the free induction decay (FID) to the largest peak to peak span in the last 10% of the FID (where only noise is apparent.) Due to the lack of precision in the method by which this value is determined, the SIN estimates from many data sets had to be averaged to obtain meaningful numbers for comparison.
The FTMW spectrometer is inherently not well suited for such a measurement of transition intensities. The primary difficulty is that the signal intensity changes greatly depending on the position of the pump and cavity resonant frequencies relative to the transition frequency. To obviate this, relative positions for the pump and the cavity were selected and held constant for each component of the pair of transitions. For one component of the tunneling doublet the FIDs from enough gas pulses (500-5000 depending on the strength of the transition) were averaged to attain a SIN of 5 to 20. This was repeated eight to ten times using the same number of pulses to give an average SIN estimate for the transition; this usually had a standard deviation of about 10--15%. The pump and the cavity were then positioned the same relative distances from the other component of the doublet and the process was repeated using the same number of shots.
The intensities of the signals are also dependent on both the total backing pressure and the partial pressures of the ethylene and the S02 in the rare gas. Since the samples are held in 1 or 2 L glass bulbs, a choice had to be made either to keep the partial pressures constant while allowing the backing pressure to drop, or to keep the backing pressure constant through continued dilutions with rare gas, allowing the partial pressures to change. The former generally gave more consistent results.
Relative intensity measurements were made on the normal, the single-ISO, the 1,I-d 2 and the trans-l,2-d 2 species (see Sec. III E). Overall relative intensities were determined with an estimated accuracy of 10--15 % from four to six pairs of transitions for each isotopic species.
III. RESULTS AND ANALYSIS
A. Spectrum of the normal isotopic species
The 56 a and c dipole transitions which were observed are listed in Table I . The transitions occurred as doublets of unequal intensity with the c-type transitions split by 25 to 65 MHz and the a-type by a few kHz to 2 MHz. The two components of each doublet exhibited 'nearly identical Stark effects and this allowed the transitions to be appropriately paired as tunneling doublets and their quantum numbers to be determined.
In the paper detailing initial results on the C 2 H 4 ' S02 complex 5 we reported that all the transitions had been simultaneously fit as two interacting states with a change in vibrational quantum number occurring for the c-type transitions. Upon subsequent examination, we have reassigned the spectrum (Table!) to two noninteracting states (with no change in vibrational quantum number for the c-type transitions) with all the stronger transitions assigned to one state and all the weaker transitions to the other. The assignment results in sum rule differences of less than 10 kHz for all observed transitions connecting common levels. Each state can be fit independently to A, B, C and five quartic distortion constants using the Watson S reduction in a I r representation. 14 This reassignment improves the fit of the data considerably so that av rms for the two states is 5 and 7 kHz, compared with 124 kHz in our earlier report. The derived spectroscopic constants are listed in Table II and comparison of the observed and calculated transition frequencies is shown in Table I . The reassignment of the spectrum resulted in only small changes in the rotational constants. The gross geometry reported earlier with the two molecular planes stacked above one another (cf. below and Fig. 1) is therefore still consistent with the observed rotational constants.
Since the two sets of transitions may be independently fit to a standard Watson Hamiltonian, a high barrier onedimensional tunneling motion is suggested. It will be shown below that this motion can be described as an internal rotation of the ethylene about the axis perpendicular to its molecular plane. The complete permutation inversion (PI) group for C 2 H 4 . S02 including all feasible permutations of the oxygens, hydrogens and carbons is of order 16 (G)6 ). However, if we focus only on the exchange of hydrogens by the internal rotation mentioned above, and the exchange of the two oxygen atoms, the system might be classified by the G s symmetry group and analyzed by the method employed by Rice et al. 15 for the CO 2 ' H 2 S dimer. To draw this analogy, ethylene must be related to CO 2 , H 2 S related to S02 and the 1---3 motion in the CO 2 ' H 2 S system corresponds to the internal rotation ofthe ethylene. This motion together with an additional internal rotation or inversion of the S02 gives rise to a splitting of a rigid rotor level into four states classified as A )± , A 2±' B )±, and B 2± with spin weights of 10, 0, 6, 0, respectively. Taking into account the observed intensities of the pairs of doublets, we label the more intense set of transitions in Table I asA 1 , the less intense as B 1 , and suppress the ± superscripts for simplicity. While this symmetry labeling of the states is not strictly correct since the set of PI operations associated with the G s group do not form a complete group for C 2 H 4 ' S02' this labeling scheme is convenient. No other internal motions of the ethylene have been identified and therefore are ignored; moreover, the matrix elements in Table V of Rice et alY are likely to be valid for C 2 H 4 'S0 2 and permit the qualitative construction of a splitting diagram.
B. Spectra of isotopically substituted speCies
To provide insight on the internal motion(s) giving rise to the splitting in the spectrum and to determine the structure of the complex, the nine isotopically substituted species listed in Table III were studied. The spectra of C 2 D 4 'S02
, C2H4'S1S0160 (single ISO), C2H4'S1802 (double 18 0), and C 2 H 4 . 34S02e4S) were characterized by doublets similar to the normal species. With the exception of the 34S species, for which too few transitions were measured, the isotopic species were fit as two independent states to the same Hamiltonian used for the normal species; the 34S species was fit to only A, Band C for each state. The spectra of
Intensive searches were made above and below the observed lines in both species for a partner spectrum with no success. Their transitions were fit with the same Watson Hamiltonian. The rotational constants for each species are listed in Table III . The complete set of transitions and spectroscopic constants is available as supplementary material. 16 Tunneling splittings result when an internal motion in a molecule transforms it to an equivalent structure. The spectra of the d! and cis-d 2 species were unsplit apparently because the internal motion did not result in an equivalent form, but rather in a different structural isomer. It has been observed in other systems where two "isotopic" structural isomers can occur that one ofthe isomers has a significantly higher zero-point energy than the other and is not substantially populated at the low temperature of a supersonic molecular beam. 17 . 18 Thus, it seemed likely that the lower energy isomers for the cis-l,2-d 2 and the d l species had been observed. This was confirmed by switching to He as a carrier gas to raise the temperature of the beam. Another spectrum for the cis-l ,2-d 2 species was observed which was very much weaker, but which had appropriate rotational constants to be the other structural isomer. (See Structure Section below. The stronger cis-d 2 spectrum correlates with the d-in isomer in Table III ; the weaker spectrum correlates with the d-out form.) Due to the weakness of the spectrum only six transitions were measured for the d-out form; these were fit to A, B and C. A second isomer of the d I species should also be present, however, no search for its spectrum was attempted. 
C. Dipole moments
The dipole moment of the complex was determined from the Stark effect splittings of six transitions. The observed second-order Stark coefficients are shown in Table  IV . The values were obtained from plots of !l.vvSE2. A least squares fit of these data holding,ub = 0 yielded a total dipole d "d-in" refers to deuterium substitution closer to the center of mass; i.e., on the ° atom side of S02 as illustrated in Fig. 1 .
e "d-out" refers to deuterium substitution more distant from the center of mass; i.e., on the S atom side as in Fig. I .
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Andrews 6t a/.: Ethylene-sulfur dioxide complex moment, J-lr = 1.650(4) D, with components J-la = 0.629(6) D andJ-le = 1.525(3) D. WhenJ-lb 2 was not fixed to zero, the least-squares fit determined a value for it very nearly equal to zero (J-lb 2 = -0.04 D2).
The dipole moments of the two isomers of the cis-d 2 species were also measured. The observed Stark effects and least-squares fits are shown in Table IV . The dipole moment of the higher energy cis-1,2-d 2 isomer is not as well determined as the other species due to the weakness of the transitions.
D. Structure
From planar moments and selection rules, it can be established that the complex has an a-c plane of symmetry.
Comparison of the out-of-plane second moment Also, P bb of the complex is nearly equal to the sum of P aa of free ethylene and P aa of free S02 In a weakly bound complex one would like to determine the structure of each isotopic species separately. The changes in the vibrational amplitudes of low frequency motions in these complexes with isotopic substitution often lead to different average structures for the substituted species, possibly giving some insight on the low frequency motions. In the case of the C 2 H 4 'S02 complex, however, this was not possible. Changes in Rem' ()I' or ()2 will not affect the b coordinate of any of the atoms; thus the value of P bb is not useful. This leaves three structural parameters to be fit to P aa and Pee. Rem can be uniquely determined
but only a range of correlated values for ()I and ()2 can be determined which are consistent with the observed moments of inertia for an individual isotopic series. A least-squares fit to the A I state moments of inertia of all the isotopic species can resolve some of the ambiguity and results in the two sets of structural parameters in Table V , labeled I and II. The magnitude and direction of the tilt angle ()I of the sulfur dioxide are determined to be _ 8-9 ° from the 34S and ISO data. Using the data from the deuterated ethylenes to determine the angle ()2 is not so straightforward and fits of similar quality (aI rms ) are obtained for val- Fig. I ). b Rotational constants predicted with the structural parameters from the least squares fit in Table V of the S02. Conversely, the cis-d 2 -out species places the deuterium farther from the center of mass with the same ambiguity as to the side. The a-principal axis is nearly colinear with the Rem vector and the two possible orientations give fits of similar quality based on A.l rms (Table V) .
Analysis using Kraitchman's equations also does not help to resolve the ambiguity since the lal and lei coordinates for the inner and outer H -atoms for either tilt angle are within 0.1 A of each other. However, closer inspection of the rotational constants predicted by the two structures obtained from the least-squares fits suggests that the plus ( + ) tilt angle is more consistent with the isotope shifts observed for the two cis-d 2 species. This is summarized in Table VI where the rotational constants calculated for the two values of ()2 are compared with the experimental results. As can be seen in Table VI , there is a significant difference between the A constants for the d-in and d-out species which differ by 2 MHz for ()2 negative and 15 MHz for ()2 positive; however, as the absolute agreement with experiment for the A constants is comparable to this difference, this is not a definitive test.
A more compelling indication of a positive value of ()2 comes from the dipole moments of the two cis-d 2 species. This rationale makes use of the small changes in the dipole moment components caused by principal axes rotation upon isotopic substitution. As the sign of the dipole moment cannot be determined, there are four choices for the orientation of the dipole moment of the complex. The most reasonable choice places the dipole moment nearly parallel to the symmetry axis of the S02' as the dipole moment of the complex is (Table VI) . Conversely, the opposite should be seen if ()2 were negative. The changes are easily large enough to be observed and significantly larger than what would be expected due to the permanent dipole moment of cis-l,2-C 2 H2D2. 21 The observed dipole moment components for these two species are consistent with the positive value of ()2 and inconsistent with the negative one.
The overall least-squares fit residual of 0.41 amu A2, as well as the poor agreement in the A constants for the cis-d 2 isomers, can be attributed to averaging effects oflarge amplitude vibrational motions. This is most apparent when comparing P bb for the normal species with that calculated from the free subunits (see above). The large amplitude motions in the complex give a structure in which the average b coordinates of the atoms are smaller than they would be in a rigid structure, thus reducing P bb ; the other inertial parameters will be similarly contaminated. An attempt to further improve the structural analysis will be dealt with in the next section where corrections to the moments due to the internal motion will be discussed. This is structure III which is also listed in Table V for This procedure overestimates the total induced dipole components by about a factor of 2 although their signs agree with the experimentally derived values; it suggests that the majority of the induced moment upon complexation arises from the ethylene.
E. Internal motion, nuclear spin statistics and barrier to internal rotation
Apart from a few exceptions where the splitting is too small to be observed, the transitions of C 2 H 4 ' S02 occur as doublets of unequal intensity. A number of internal motions can be envisioned which could account for this: internal rotation of the S02 about its symmetry axis, "over-the-top" inversion of the S02 taking the complex through a C 2v tran-sition state or rotation of the ethylene about one of its symmetry axes. Since the strong and weak components can be fit independently with a Watson Hamiltonian, the barrier to the internal motion must be relatively high. This also eliminates the inversion motion of the S02 as this motion would change the direction of the ,u c -dipole component of the complex. The possibility of the S02 subunit tunneling about its local C 2 axis can also be eliminated on the grounds that two tunneling states are observed. This motion would involve the exchange of two 16 0 nuclei (l = 0) and, as in the case of Ar'S0 2 ,25 half the rotation-tunneling levels would be symmetry forbidden.
Three possible motions remain viz. the rotation of the ethylene about each of its C 2 axes. To distinguish among these, the splittings in the spectra of the three doubly deuterated isotopic species were considered. For a spectrum to exhibit tunneling splitting in its transitions, the tunneling motion must result in an equivalent species with identical rotational constants. (In rare cases, such as in the H 35 CI' H 37 CI dimer,26 tunneling effects between nonequivalent species are also observed, but there is no evidence of this in the present system.) The unsplit spectra of the cis-d 2 and d 1 species, therefore, eliminated a rotation of ethylene about its b axis as this motion would give equivalent species with identical rotational constants.
In selecting between the two remaining possibilities, the nuclear spin statistics associated with the tunneling doublets in the trans-d 2 and 1,I-d 2 species were considered. Levels with different nuclear spin statistical weights occur only in cases where equivalent nuclei are exchanged by the motion and the Pauli principle requires that the symmetry of the nuclear spin states be properly paired with the symmetry of a given rotation-tunneling level. The expected statistical weights for the exchange of two protons and two deuterons are 5:7 (A 1 :B 1 ) . The results of the relative intensity measurements are given in Table VII (see also experimental); the trans-d 2 species exhibits these spin statistics, whereas the 1,1-d 2 species does not. This indicates that the motion must be one in which equivalent nuclei are exchanged in the transd 2 species but where protons are exchanged for deuterons in the 1,1-d 2 . The motion consistent with this is the rotation of the ethylene in its molecular plane, i.e., about its c axis. To ensure that the measured spin statistical weights were not simply fortuitous, the relative intensities of the two states in the normal species and the single-ISO species were also examined. For the exchange of two pairs of protons, statistical weights of 10:6 (A I:B I) would be expected, and again the measured values (Table VII) Table XI . (a) 1,1-d 2 , A, state; (b) 1,1-d 2 , B, state; (c) trans-d 2 , A, state; (d) trans-d 2 , B, state. component of the doublet (a,b) exhibits identical nuclear quadrupole coupling patterns, whereas in the trans-d 2 species (c,d), the pattern for each component is distinctly different. As with the relative intensities, this difference arises because identical nuclei are exchanged upon internal rotation in the trans-d 2 species while in the 1,I-d 2 species nonequivalent pairs of Hand D atoms would be exchanged. Thus, in the trans-d 2 species only the hyperfine transitions allowed by the Pauli principle appear in each state. In the 1, I-d 2 , there is no exchange of identical nuclei and therefore all nuclear spin states are allowed for each rotation-tunneling level.
The splittings in the spectrum thus result from an internal rotation of the ethylene in its molecular plane. Given this and the geometry of the complex, the spectrum may be fit using the following internal rotation Hamiltonian 27 :
where
J a' J b' and J c are the projections of the total angular momentum onto the principal axes, a, b, and c, respectively; j is the angular momentum of the internal rotor, a is the internal rotation coordinate, and V 2 is the twofold barrier height; I aa , Ibb and Icc are the principal moments of inertia of the rigid rotor; Ia is the moment of inertia of the internal rotor; Aa (Ac ) is the direction cosine between the internal rotor axis (c axis of the ethylene subunit), and the a (c) inertial axis. The Hamiltonian matrix of H is constructed using IJKM)' [(21T) -1I2] however, due to the large-amplitude vibrations in van der Waals complexes, this constraint is not necessarily maintained and was relaxed. For the case of C 2 H 4 . S02, the best fit is obtained at A ~ + A; = 1.016. The moment of inertia of the internal rotor Ia is set equal to Icc of free ethylene. To account for centrifugal distortion effects, the Watson S-reduction quartic centrifugal distortion Hamiltonian is added to the internal rotation Hamiltonian ofEq. (1). This Hamiltonian was applied to the isotopic species with an a-c plane of symmetry since the equilibrium direction cosine Ab between the internal rotor axis and the b inertial axis is zero. For 1,I-C 2 H 4 'S0 2 and C2H4'SI80160, Ab is different from zero (no plane of symmetry), however contributions from this effect were neglected and the same Hamiltonian was employed.
The constants obtained from this fit for the normal species are given in Table VIII and agreement with experimental frequencies is shown in Table I . The frequency fits and the barriers calculated for the isotopes exhibiting internal rotation splittings are summarized in Table IX . The agreement is quite good, with all barriers about 31 cm -I, although the quality of the frequency fits is typically an order of magnitude poorer compared to the Watson Hamiltonian. This deterioration is probably associated, at least in part, with the neglect in the internal rotation Hamiltonian of the fact that the rotational constants should vary with internal rotation angle (a) . In this regard, the orientation of the C 2 H 4 relative to the a principal axis makes A less sensitive to a than Band C. However, inspection of the Band C constants obtained and C correlate well with the observed differences and suggest that the neglect of the a dependence on the rotational constants in all probability does not seriously affect the barrier estimate. Moreover, given the dependence of the effective rotational constants on the direction cosines of the internal rotation axis with respect to the principal inertial axes, and noting that the A constant is the most sensitive to the direction cosine term, it is clear that the internal rotation axis is close to the a principal axis, confirming a tunneling motion of ethylene in its molecular plane. Attempts to fit the transitions to the other possible motions of the ethylene using the Hamiltonian in Eq. (1) resulted in !l. v rms (obs-calc) values of several MHz.
Finally, the structure derived from least-squares fitting of the "internal rotation-corrected" moments of inertia is quite similar to that determined solely from the A I constants and is listed in Table V as structure III. The differences from structure I can be used to estimate limits for the uncertainties of the structural parameters. We prefer structure III over I since the internal rotation effects have been partially minimized. The structural parameters are still contaminated by vibrational averaging effects and should be considered analogous to those of an r 0 structure. 30
F. Deuterium nuclear quadrupole coupling
For the C 2 H 3 D' S02 species, the deuterium nuclear quadrupole hyperfine structure was resolved and assigned. The assigned hyperfine components are listed in Table X , along with the calculated nuclear quadrupole coupling constants. The coupling constants were determined by a leastsquares fitting procedure which treats the quadrupole interactions as perturbations on the rotational energies.
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To interpret the nuclear quadrupole coupling constants, the electric field gradients at the deuterium site arising from unperturbed (Le., uncomplexed) ethylene and S02 were calculated using GAUSSIAN 86.23 The calculations were initially done at the Hartree-Fock level using a 6-31 G* basis set. To test the reliability of the electric field gradients, the calculations were repeated with STO-3G and 4-31G basis sets and the three calculations agreed to within 10%. The 6-31G* ab initio electric field gradients were rotated into the principal inertial axis system of the complex to estimate the contributions from each subunit to the nuclear quadrupole coupling constants. These are shown in Table XI. The calculations indicate that the quadrupole coupling in the complex is due almost entirely to the electric field gradient arising from the ethylene charge distribution. There does not appear to be any previous measurement of the coupling constants for free C2H3D and the accuracy of our calculated values is difficult to estimate, precluding any firm conclusion regarding the effects of complex formation of the coupling constants except that they are small.
G. Electrostatic modeling of the complex
Orientational preferences in van der Waals complexes are often determined by electrostatic components of the interaction. 7 -9 To investigate whether such an argument can be used to interpret the structure of the C 2 H 4 • S02 complex, a distributed multi pole analysis as proposed by Buckingham and Fowler was explored. 7 In this model, all polarization, dispersion, and charge transfer effects are ignored. Point multi poles are placed on atoms and bond centers to approximate the electronic charge distribution in the molecule. The repulsive term is modeled by hard spheres of van der Waals radii 32 placed on the atoms.
The values calculated by Buckingham and Fowler for the distributed multipoles of ethylene and S02 were used directly.7 For the experimental-like stacked structures, the energies were calculated using the experimental Rem distance; for the others the distances were set by the contact of hard spheres. Table XII shows calculated electrostatic interaction energies for four different configurations. Of these, the experimental configuration (I) has the largest stabilization energy. For structure I, a shallow electrostatic minimum is obtained as () 1 is varied (Fig. 3) at about ()I = 10 °_15 0, consistent with the experimental structure.
As ()2 is varied, with ()I fixed at the experimental value, a minimum is obtained at + 20 ° (875 cm -1 ). Considering the difficulty in determining the sign of ()2 experimentally, it is interesting to note that a substantially lesser interaction (549 cm -I) is obtained for ()2 = _ 20 0.
It is also interesting to compare the electrostatic interaction energy with the binding energy estimated from the pseudo-diatomic model. The model of Millen, 33 (30) cm -1 for trans-2-butene in the gas phase 1 (a) and 350-1250 cm -1 for a variety of alkene and aromatic species in hexane solvent. l (b) This scatter in experimental, calculated and extrapolated values makes an estimate of the true binding energy of C 2 H 4 ' S02 unclear except that it is probably in the range of 500-1000 cm -I. The difference between structures I and II in Table XII gives an estimate of about 160 cm -1 for the internal rotation barrier, considerably different from the values of 31 cm -1 from the spectra. Electrostatic interactions as modeled by the Buckingham-Fowler paradigm are certainly not sufficient to completely rationalize the binding, structure and internal dynamics of this complex. The measured dipole moment components indicate that polarization effects are also important. Nevertheless, the comparisons made above indicate that electrostatic interactions playa significant role in determining the structure of this complex. We also note that a small number of unassigned transitions have been observed. However, we believe that they arise from either another conformer or higher molecular weight aggregates ofC 2 H 4 and S02' Attempts to assign these transitions have been unsuccessful but we believe that their assignment is unlikely to affect the conclusions of this study.
